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离获得的海水青鳉（Oryzias melastigma）hepcidin 两种变体基因 OM-hep1 和
OM-hep2 以及黑鲷（Acanthopagrus schlegelii）hepcidin2（AS-hep2）基因的基
础上，研究低氧对黑鲷 hepcidin2 及其相关调控基因表达的影响；探究单独低氧、
单独酸化以及低氧与 EE2 联合作用对海水青鳉 hepcidin 及其相关调控基因表达
的影响。主要结论如下： 
1. 分析了低氧刺激下海水青鳉 OM-hep1 和 OM-hep2 基因、HIF（Hpoxia 
Inducible Factor）、IL-6/STAT3 以及 NF-κB 基因的表达模式。实时荧光定量 PCR
（Real-time PCR）结果显示在低氧条件下 OM-hep1 和 OM-hep2 基因表现出不
同的表达特性，可能与其不同的生理学功能相关。HIF 途径中的 OM-HIF-1α
和 OM-VEGF（Vascular Endothelial Growth Factor）基因表达未受低氧影响，
OM-EPO（Eythropoietin）基因被低氧显著性诱导，且表达量与氧浓度呈负相关，
氧浓度越低表达量越高，因此该基因可以用作检测低氧的指示基因。低氧对
OM-IL-6 和 OM-STAT3 基因表达的影响作用短暂，可能是机体对低氧的一种应
激反应。NF-κB 基因 OM-p65 在低氧刺激下的表达模式与 OM-hep2 相同，与
OM-hep1 的表达没有相关性，推测 OM-hep2 的表达可能通过 NF-κB 途径介导。 
2. 研究了低氧条件下黑鲷 AS-hep2 和 AS-HIF-1α 的表达特性。AS-hep2 在
低氧刺激下表达上调，在 96 h 时被显著性诱导表达。这表明 AS-hep2 可能在低
氧刺激下发挥免疫调节功能。AS-HIF-1α 基因不受低氧的影响。 
3. 分析了环境浓度EE2和低氧联合刺激对OM-hep1、OM-hep2、OM-HIF-1α、
OM-VEGF 和 OM-EPO 基因表达的影响。OM-HIF-1α 基因在刺激后 48 h 和 96 h
被诱导表达；OM-VEGF 基因在刺激后 96 h 表达上调；而 OM-EPO 基因在刺激
















都受环境浓度 EE2 和低氧联合刺激的诱导，OM-EPO 对环境浓度 EE2 和低氧共
同作用的敏感性高于 OM-HIF-1α 和 OM-VEGF。环境浓度 EE2 与低氧共同作用
对 OM-hep1 和 OM-hep2 基因的表达没有显著影响。 
4. 探讨了酸化刺激对海水青鳉发育过程中 OM-hep1、OM-hep2 和
























Marine organisms are affected by hypoxia, acidification and environment 
pollutants in the complicated ocean ecosystem, especially in the coastal area. Some 
researches demonstrate that hypoxia, acidification and environmental estrogen EE2 
can affect the growth, development, reproduction and gene expression of marine 
organisms. Hepcidin is a class of cysteine-rich antimicrobial peptides similar to 
defensins, which is involved in the iron metabolism in addition to antimicrobial 
function, anemia, hypoxia, proinflammatory and cytokines can regulate the 
expression of hepcidin. Two hepcidin (OM-hep1, OM-hep2) subunits are identified 
in Oryzias melastigma and hepcidin2 of Acanthopagrus schlegelii (AS-hep2) is 
discovered in our previous study. This paper studies the impact on hepcidin2 and 
related genes of Acanthopagrus schlegelii by hypoxia, and explores the effect of 
hypoxia, acidification and the combined effect of hypoxia and EE2 on hepcidin and 
related regulation genes of Oryzias melastigma. The main results are followed: 
1. The results studied by Real-time PCR showed that OM-hep1 and OM-hep2 
are differently regulated by hypoxia challenge, indicating they may regulate different 
biological functions. The genes of OM-HIF-1α, OM-VEGF (vascular endothelial 
growth factor) and OM-EPO (Erythropoietin) are involved in the HIF (Hypoxia 
inducible factor) pathway, hypoxia doesn’t effect the expression of OM-HIF-1α and 
OM-VEGF, but OM-EPO was induced significantly by hypoxia, the relationship was 
negative (declining O2 up expression OM-EPO). EPO can be one of the biomarker of 
hypoxia. The impact on the expression of OM-IL-6 and OM-STAT3 are temporary, 
the impact may be the stress response to hypoxia. OM-p65 is one of the NF-κB 
genes, it’s expression pattern is similar to OM-hep2, unrelated to OM-hep1, indicate 
that NF-κB is involved in the regulate of hepcidin. 
2. Hypoxia uneffects the expression of AS-HIF-1α but upregulate AS-hep2, 
even significantly induce the expression of AS-hep2 after hypoxia stimulate 96 hours. 
















3. The coaction of hypoxia and EE2 uneffect the expression of OM-hep1 and 
OM-hep2 in the liver of Oryzias melastigma. OM-HIF-1α and OM-VEGF are 
induced by coaction of hypoxia and EE2 after 96 hours stimulate, and OM-EPO is 
more sensitive to the combined effect of hypoxia and EE2, which is is significantly 
upregulated in all time points. The function of coaction is more effective than single 
stimulate of hypoxia or EE2. 
4. The expression of OM-hep1 and OM-hep2 are upregulated along with the 
embryogenesis, and downregulated to a low stage on 20 days after hatching, this 
result shows that hepcidin plays immune function during embryogenesis and larval 
development. The expression of OM-hep1 and OM-hep2 uneffected by the 
stimulation of acidification, the development of various organs contribute to the 
acid-base balance of Oryzias melastigma. The expression of OM-CYP1A is very low 
throughout embryogenesis and increased during juvenile development. Acidification 
uneffects the expression of OM-CYP1A except 30 and 75 days after hatched. In 
summary, Oryzias melastigma can adapted to the acidification environment seted in 
this study. 
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